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Blood volume monitoring in intermittent hemodialysis for acute The technique of online relative blood volume (RBV)
renal failure. monitoring has been used to reduce hypotension in chronic
Background. Although hypotension commonly accompan- hemodialysis, with moderate success in some reportsies intermittent hemodialysis for acute renal failure (ARF) in
[1–3]. Because of these promising findings, a large ran-the intensive care unit (ICU), little is known about how it may
domized trial has been initiated, but results are not yetbe prevented. Online relative blood volume (RBV) monitoring
has been used to reduce hypotension in chronic hemodialysis, available. Online RBV monitors continuously measure
but is of unproven benefit in ARF. This study tested the hypoth- the concentration of hemoglobin (or plasma protein),
esis that hypotension is predictable using online RBV monitor- which allows an estimation of relative changes in blooding in patients dialyzed for ARF in an ICU setting.
volume by mass conservation as ultrafiltration occurs [4].Methods. The primary definition of hypotension was mean
Ultrafiltration can then be titrated to avoid rapid orarterial pressure (MAP) 70 mm Hg; systolic blood pressure
(SBP) 100 mm Hg was used as a secondary outcome. Fifty- extreme changes in RBV.
seven treatments were prospectively studied in twenty con- Hypotension commonly accompanies intermittent he-
secutive adult patients treated with intermittent hemodialy-
modialysis for acute renal failure (ARF), especially insis. RBV was continuously measured using the Hemoscan de-
patients being treated in the intensive care unit (ICU)vice (Gambro).
Results. Hypotension occurred in 30% of treatments as de- [5]. Although intra-dialytic hypotension may perpetuate
fined by MAP, and 18% as defined by SBP. There was no evi- renal injury [6], and decrease the quantity of delivered
dence of patient-specific or universal RBV thresholds that were dialysis [7], little is known about how its incidence canassociated with hypotension. Analysis using the kappa statistic
be reduced in ARF. Despite the potential importanceshowed that concordance of RBV and hypotension (that is,
of intradialytic hypotension in ARF, no previous reportsRBV falling prior to hypotensive episodes rather than rising
or remaining stable) was no greater than chance. RBV and rate discuss the use of RBV monitoring in this population.
of change in RBV slopes did not predict hypotension as a di- This study tested the hypothesis that hypotension is pre-
chotomous outcome, and were not correlated with MAP or
dictable using online RBV monitoring in critically illSBP whether autocorrelation was corrected for or neglected.
patients dialyzed for ARF.Substituting rate of change in RBV (RBV slopes) for absolute
RBV values did not improve predictive power.
Conclusions. These results suggest that strategies based on
METHODSonline RBV monitoring are unlikely to reduce hypotension in
intermittent hemodialysis for ARF that is delivered through Patients
central venous catheters.
This was a prospective observational study of 20 con-
secutive adult patients who received intermittent hemo-
dialysis (IHD) for ARF in the intensive care unit (ICU)
at our institution. The only exclusion criterion was the
administration of packed red blood cells during the he-
modialysis treatment, since this would dissociate hemo-Key words: intra-dialytic hypotension, intensive care, online relative
blood volume, mean arterial blood pressure, central venous catheter. globin concentration from ultrafiltration rates.
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Table 1. Patient characteristicsservice. All patients were dialyzed through dual-lumen
APACHE II score 20.46.0polyurethane dialysis catheters (VasCath; Bard, Missis-
In-hospital mortality 55%sauga, Ontario, Canada). Dialysate temperature (36.5C),
Mechanical ventilation 85%
bicarbonate concentration (35 mmol/L), sodium concen- Intradialytic vasopressor use 30%
Critical illnesstration (145 mmol/L), calcium concentration (2.5 mEq/L),
Sepsis 30%and flow rates (500 mL/min) were fixed, and no ultrafil-
Post-surgical 40%
tration profiling was used. Patients were anticoagulated Pancreatitis 5%
Other 25%using intravenous heparin, or with saline flushes every
Dialysis catheter location15 to 30 minutes if anticoagulation was contraindicated.
Internal jugular 80%
There were no intradialytic changes in patient position Subclavian 10%
Femoral 10%or mechanical ventilation parameters during the study.
Hb g/L 88.818.9All patients were treated using F8 dialyzers (Frese-
K mmol/L, predialysis 4.40.7
nius Medical Care, Bad Homburg, Germany) and Integra Albumin g/L 21.18.4
(Gambro, Stockholm, Sweden) dialysis machines with Parameters were recorded at the time of the first dialysis treatment. APACHE
II scores were available for 11/20 patients. Intradialytic vasopressors includedintegrated RBV monitors (Hemoscan; Gambro), which
dopamine, norepinephrine and ephedrine.continuously measure hemoglobin concentration in blood
by optical absorbance. RBV is then derived using the prin-
ciple of mass conservation. This device has been shown
to remain accurate and precise throughout a wide range sion, two new variables were added to our models, based
of operating conditions [8]. Blood pressures were mea- on dRBV/dt. Slope 1 was based on the change in RBV
sured at least every 10 minutes during dialysis using ar- from baseline (0%) at any given moment. Slope 2 was
terial catheters, or automated sphygmomanometers if determined by the change in RBV over the preceding
no arterial catheter was available. Additional measure- 30-minute interval. These slopes were then forced into
ments were made during periods of hypotension, or at the mixed model and GEE analyses. Data are expressed
the discretion of intensive care staff. No patient had blood as mean  SD where appropriate, and P  0.05 was se-
pressures recorded from both sphygmomanometers and lected as the level of statistical significance. Statistical
arterial catheters. analysis was performed with SAS version 8 (SAS Insti-
tute Inc., Cary, NC, USA).Blood pressure outcomes
Since there is no generally accepted definition, we de-
fined intradialytic hypotension as mean arterial pressure RESULTS
(MAP) 70 mm Hg of at least five minutes’ duration. Patients and intradialytic hypotension
MAP was required to rise to70 mm Hg for 15 minutes
Twenty consecutive adult patients were studied. Theiror more before subsequent values 70 mm Hg would
mean age was 58.9  16.5 years, and 45% were male.be considered as a separate hypotensive episode. MAP was
Most patients (16/20; 80%) had clinical evidence of acuteselected as the primary outcome because automated
tubular necrosis. Peripheral edema was present in thesphygmomanometers are known to measure this param-
majority, and 19 of 20 (95%) had hypoalbuminemia.eter more accurately than systolic blood pressure (SBP)
Additional patient characteristics are shown in Table 1.or diastolic blood pressure (DBP) [9]. SBP100 mm Hg
Information on premorbid cardiac function was not con-was used as a secondary definition of hypotension. Any
sistently available.pause in ultrafiltration, bolus of intravenous fluids or
There were 57 eligible treatments in the 20 patients.increase in the dose of vasoactive medications also was
Ten additional treatments were excluded because packedconsidered as an episode of hypotension.
red blood cells were administered during dialysis. The
Data analysis mean number of eligible treatments per patient was 2.2
1.8 (range 1 to 5). Intradialytic hypotension occurred inRelative blood volume was expressed as a percentage
17 (30%) treatments as defined by MAP 70 mm Hg,reduction from the pre-dialysis value. Exaggerated spikes
and 10 (18%) as defined by SBP 100 mm Hg. Meanin RBV due to saline flushes and other artifacts were cen-
pre-dialysis MAP and SBP were 92  20 mm Hg, andsored as previously described [10]. To account for re-
144 26 mm Hg, respectively. In three treatments, MAPpeated measures within treatments, and for multiple
was 70 mm Hg before dialysis began. Fifteen patientstreatments per patients, we used generalized estimating
(75%) had central venous pressure (CVP) monitors, butequation (GEE) models for binary outcomes, and mixed
only two (10%) had pulmonary artery catheters. Meanmodels for continuous outcomes [11]. To evaluate the
pre-dialysis CVP was 13  3 mm Hg, and mean pre-possibility that rates of change in RBV over time rather
than absolute RBV values were associated with hypoten- scribed and delivered ultrafiltration volumes were both
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Fig. 1. Intradialytic changes in mean hemodynamic parameters and mean relative blood volume. Symbols are: () systolic blood pressure (SBP);
() mean arterial pressure (MAP); () central venous pressure (CVP); () relative blood volume (RBV). The mean CVP and RBV decline in
parallel as dialysis proceeds. However, there is a substantial variance in all four parameters shown. In particular, the variance in RBV makes it
difficult to use these data to draw conclusions about individual patients. Error bars (1 SD) are plotted only for RBV for clarity.
3.1 1.0 L. Mean 24-hour fluid balance was217 1526 tions of hypotension (MAP 70 mm Hg and SBP 100
mm Hg) the kappa was 0.3, indicating a correlationmL (including ultrafiltration but not insensible losses).
Figure 1 shows mean hemodynamic parameters and RBV, that was no better than chance.
We next performed GEE analysis, using MAP 70plotted against time. Interestingly, increases in the in-
fusion rate of norepinephrine were often associated with mm Hg as the dependent variable. RBV, RBV slopes 1
and 2, age, sex, baseline MAP, CVP and hourly ultra-steep and sustained declines in RBV (data not shown),
possibly due to displacement of pooled erythrocytes from filtration rate were all used as independent variables.
Results from this analysis are shown in Table 2. Thesesplanchnic vasculature.
analyses were repeated using SBP 100 mm Hg as the
RBV and hypotension: Binary outcome dependent variable. RBV and RBV slopes were not sig-
nificant predictors of hypotension in any model. Table 2Relative blood volume was plotted against episodes
also shows that increasing age and low baseline MAPof hypotension as defined by MAP and SBP for all pa-
were associated with increased likelihood of hypoten-tients. No evidence of a universal RBV threshold that
sion. Interestingly, high CVP were correlated with hypo-was associated with hypotension could be demonstrated
tension, suggesting that high filling pressures do not nec-(Fig. 2). Repeating this analysis for patients with multiple
essarily permit aggressive ultrafiltration.dialysis treatments during the study showed no evidence
of patient-specific RBV thresholds (data not shown).
RBV and blood pressure: Continuous outcomeFigure 3 demonstrates that low RBV values were neither
specific nor sensitive for hypotension. To determine whether blood pressure as a continuous
outcome was correlated with RBV, a mixed model analy-For RBV monitoring to be useful in the prevention of
hypotension, RBV must consistently fall (become more sis was performed using MAP and SBP as continuous de-
pendent variables, and the same independent variablesnegative) prior to hypotensive episodes. Conversely, hy-
potension should not occur in the setting of stable or as above. Once again, RBV and RBV slopes were not sig-
nificantly associated with hypotension (data not shown).rising RBV. We calculated the kappa statistic to evaluate
the agreement between changes in RBV and hypoten- Additional univariate analyses were performed, neglect-
ing the effects of repeated measures and autocorrelation,sion, using the change in RBV during the 15 minute
interval before hypotension occurred. For both defini- to ensure that a clinically relevant relationship was not
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Fig. 2. Relationship between hypotensive
episodes and relative blood volume (RBV).
Symbols are: (• ) MAP70 mm Hg; (• ) SBP
100 mm Hg; () MAP 70 and SBP 100
mm Hg. Each column represents the distribu-
tion of observed RBV values during a given
dialysis treatment, rounded to the nearest in-
teger. For each treatment, the minimum RBV
value that was not associated with hypoten-
sion, and all values associated with hypoten-
sion (labeled as circles or squares) are shown.
Data are only for the 19 treatments in which
hypotension was observed. There is consider-
able intra-treatment and inter-patient varia-
tion in the levels of RBV that were associated
with hypotension, making it unlikely that a
strategy of titrating ultrafiltration to avoid par-
ticularly low RBV would be successful.
Fig. 3. Distribution of relative blood volume
(RBV) values in the first treatment per patient.
Symbols are: (• ) MAP70 mm Hg; (• ) SBP
100 mm Hg; () MAP 70 and SBP 100
mm Hg. Each column represents the observed
RBV values during a given dialysis treatment,
rounded to the nearest integer. For each treat-
ment, the lowest RBV value that was not asso-
ciated with hypotension, and all values associ-
ated with hypotension are shown (labeled with
circles or squares). Data are only for the first
dialysis treatment during the study for each
of the 20 participants. Low RBV values are
neither sensitive nor specific for hypotension.
missed due to lack of power. Even in these crude analy-
Table 2. Generalized estimating equation analysis
ses, there was no relationship between RBV or RBV slopes
Independent variable Estimate SE 95% CI P and blood pressure (data not shown). Excluding treat-
Intercept 8.79 3.21 15.1, 2.5 0.006 ments in which interventions were directed at hypoten-
RBV % 0.018 0.06 0.14, 0.11 0.78 sion or those in which a femoral catheter was used didRBV slope 2 % h1 12.1 12.7 37, 13 0.34
not change these results.Female sex 0.24 0.51 0.76, 1.25 0.63
Age year 0.24 0.06 0.13, 0.35 0.0001
Baseline MAP mm Hg 0.15 0.02 0.19, 0.10 0.0001
Ultrafiltration volume L 2.2 1.4 4.9, 0.63 0.13 DISCUSSION
CVP mm Hg 0.26 0.07 0.12, 0.40 0.0004
In this study of critically ill patients receiving IHD for
The dependent variable is hypotension as defined by MAP 70 mm Hg. Ab-
ARF, hypotension occurred in approximately 33% of di-breviations are: SE, standard error; 95% CI, 95% confidence interval; RBV,
relative blood volume; MAP, mean arterial pressure; CVP, central venous pres- alysis treatments. As expected, RBV declined as ultra-
sure. Results when RBV Slope 1 was used instead of RBV Slope 2 were similar.
filtration occurred, and moved in parallel with CVP.Omitting RBV slopes from the model did not improve the predictive power of
RBV values. Slope 1 was based on the change in RBV from baseline (0%) at any However, RBV monitoring was not useful for predictinggiven moment. Slope 2 was determined by the change in RBV over the preceding
30 minute interval. episodes of hypotension. In addition, there was no signifi-
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cant correlation between RBV values and blood pressure, to monitor peripheral blood volume in these critically
ill patients.as defined by either MAP or SBP. This lack of correlation
was observed even in univariate linear regression, an Recent work using bioimpedance techniques suggests
that plasma refilling in chronic hemodialysis occurs pri-analysis that is several steps removed from successfully
predicting and avoiding hypotension. These findings make marily from peripheral extracellular compartments, es-
pecially the legs, with limited contributions from centralit very unlikely that a larger trial would find RBV moni-
toring to be clinically useful in ARF. extracellular and intracellular compartments [14]. These
findings indicate that the correlation between RBV andCauses of hypotension may be categorized into dialysis-
and patient-related factors. Dialytic technique was stan- blood pressure might differ in dialysis catheters placed
in the femoral rather than subclavian or internal jugulardardized as much as possible during the study. Although
ultrafiltration rates were variable (and prescribed by a veins. Unfortunately, the number of treatments per-
formed through femoral catheters was too small to testnumber of different physicians), this is the setting in which
RBV monitoring would be used in clinical practice. In ad- this hypothesis. Although our findings are consistent with
those of Shulman et al, it is possible that other factorsdition, controlling for different rates of ultrafiltration in
the multivariate models did not improve the predictive unique to critical illness (such as altered transcellular
flux or abnormal vascular tone) also influence plasmapower of RBV monitoring. While changes in patient posi-
tion or mechanical ventilation may influence RBV, these refilling in ARF. Additional studies measuring intradia-
lytic bioimpedance in critically ill patients may clarifyparameters remained constant throughout hemodialysis
and therefore did not affect our results. The infusion of this issue. Finally, central catheters often have increased
access recirculation, which may affect measurement ofintravenous fluids and vasopressors certainly affects hy-
potension, and probably also RBV. We attempted to ad- RBV, although this was not addressed this in our study.
In conclusion, no evidence was found that changes indress this in two ways: by including these interventions
in the definition of hypotensive episodes, and by exclud- RBV were associated with hypotensive episodes or blood
pressure during IHD for ARF. Our data suggest thating treatments in which they occurred. Neither approach
changed the results, suggesting that such interventions online RBV monitoring is unlikely to reduce the inci-
dence of intradialytic hypotension in critically ill patientsare not responsible for the poor correlation between
RBV and hypotension. dialyzed through central venous catheters.
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